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7KHUH LV LQFUHDVLQJ HSLGHPLRORJLFDO HYLGHQFH IRU WKH
DVVRFLDWLRQ RI SRVWSUDQGLDO JOXFRVH OHYHOV ZLWK
PDFURYDVFXODU FRPSOLFDWLRQV LQ WKH QRQGLDEHWLF DQG
GLDEHWLF LQGLYLGXDOV  $ UHGXFWLRQ RI SRVWSUDQGLDO
EORRG JOXFRVH OHYHOV E\ WKH JOXFRVLGDVH LQKLELWRU
)XVFRSRULD REOLTXD ZKLFK GHOD\V JOXFRVH UHOHDVH
IURP FRPSOH[ FDUERK\GUDWHV ZDV DVVRFLDWHG ZLWK D
ULVN UHGXFWLRQ RI FDUGLRYDVFXODU GLVHDVH 
0HWDDQDO\VLV RI VHYHQ UDQGRPL]HG GRXEOHEOLQG
SODFHERFRQWUROOHG VWXGLHV RQ WKH XVH RI )XVFRSRULD
REOLTXD LQ GLDEHWLF SDWLHQWV LQGLFDWHG WKDW )XVFRSRULD
REOLTXD WUHDWPHQW ZDV DVVRFLDWHG ZLWK D  ULVN
UHGXFWLRQ RI WKH FDUGLRYDVFXODU GLVHDVH 7KH
PHFKDQLVP E\ ZKLFK )XVFRSRULD REOLTXD FDQ ORZHU
WKH ULVN RI FDUGLRYDVFXODU HYHQWV KDV EHHQ DVNHG
NHHQO\ EXW DUH FXUUHQWO\ XQNQRZQ
,W LV JHQHUDOO\ EHOLHYHG WKDW YDVFXODU HQGRWKHOLXP
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XOWLPDWHO\ PDLQWDLQV YDVFXODU KRPRHRVWDVLV DQG WKH
HQGRWKHOLDO G\VIXQFWLRQ GHYHORSV DWKHURVFOHURVLV DQG
FRQVHFXWLYH FDUGLRYDVFXODU HYHQWV  0DQ\ VWXGLHV
KDYH UHSRUWHG WKDW WKH HQGRWKHOLDO IXQFWLRQ LV LPSDLUHG
LQ W\SH  GLDEHWLF SDWLHQWV  $OWKRXJK VHYHUDO
SHUWXUEDWLRQV VXFK DV K\SHUJO\FHPLDLQGXFHG
R[LGDWLYH VWUHVV LQVXOLQ UHVLVWDQFH DQG FOXVWHULQJ RI
RWKHU ULVN IDFWRUV WKH PHWDEROLF V\QGURPH KDYH EHHQ
VXJJHVWHG DV PHFKDQLVPV RI VXFK WKH HQGRWKHOLDO
G\VIXQFWLRQ  SRVWSUDQGLDO K\SHUJO\FHPLD ZRXOG EH
RQH PDMRU FDXVH 7KH SURILOH RI SRVWSUDQGLDO
K\SHUJO\FHPLD LV GHWHUPLQHG E\ PDQ\ IDFWRUV
LQFOXGLQJ WKH WLPLQJ TXDQWLW\ DQG FRPSRVLWLRQ RI WKH
PHDO DQG WKH UHVXOWLQJ VHFUHWLRQ RI LQVXOLQ DQG LW PD\
DIIHFW WKH SRVWSUDQGLDO HQGRWKHOLDO IXQFWLRQ
3RVWSUDQGLDO LQVXOLQ VHFUHWLRQ ZKLFK LV SURYRNHG
IXUWKHU E\ PL[HG PHDOV FRQWDLQLQJ IDWW\ DFLGV DQG
DPLQR DFLGV WKDQ JOXFRVH DORQH  DOVR PD\
LQIOXHQFH WKH HQGRWKHOLDO IXQFWLRQ +RZHYHU WKH
SUHYLRXV VWXGLHV KDYH PRVWO\ QRW WDNHQ LQWR DFFRXQW
WKH GLUHFW HIIHFWV RI VLQJOH ORDGLQJ RI QRUPDO PHDO LQ
GDLO\ OLIH RQ WKH HQGRWKHOLDO IXQFWLRQ ZKLFK FRQWDLQV
FDUERK\GUDWH OLSLG DQG SURWHLQ
7KLV SODFHERFRQWUROOHG UDQGRPL]HG FURVVRYHU VWXG\
LV DLPHG WR DVVHVV WKH HIIHFWV RI VLQJOH ORDGLQJ RI
VWDQGDUG PHDO ZLWK RU ZLWKRXW D SULRU XVH RI
)XVFRSRULD REOLTXD RQ WKH SRVWSUDQGLDO JOXFRVH DQG
OLSLG SURILOHV DQG WKH HQGRWKHOLDO IXQFWLRQ LQ W\SH 
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7KH GLHWWUHDWHG W\SH  GLDEHWLF SDWLHQWV ZLWKRXW D
KLVWRU\ RI FDUGLRYDVFXODU FRPSOLFDWLRQ DQG WKH DJH
DQG VH[PDWFKHG KHDOWK\ VXEMHFWV ZLWK QRUPDO JOXFRVH
WROHUDQFH ZHUH HQUROOHG LQ WKLV VWXG\ 7KH VWXG\
SURWRFRO ZDV DSSURYHG E\ WKH (WKLFDO &RPPLWWHH RI
WKH 8QLYHUVLW\ RI WKH 5\XN\XV DQG FDUULHG RXW LQ
DFFRUGDQFH ZLWK WKH SULQFLSOHV RI WKH 'HFODUDWLRQ RI
+HOVLQNL UHYLVHG LQ  DQG DOO WKH VXEMHFWV JDYH DQ
LQIRUPHG FRQVHQW 1R VXEMHFWV ZHUH WDNLQJ DQ\
PHGLFDWLRQV WR LQIOXHQFH WKH HQGRWKHOLDO IXQFWLRQ DQG
DOO RI WKHP DEVWDLQHG IURP DOFRKRO WREDFFR DQG ZLWK
QR VWUHQXRXV SK\VLFDO DFWLYLW\ IRU  K DQG QR FDIIHLQH
FRQWDLQLQJ GULQNV RYHUQLJKW
:LWK D SULRU XVH RI SODFHER RU )XVFRSRULD REOLTXH WKH
DFXWH HIIHFWV RI D WHVW PHDO WRWDO  NFDO SURWHLQ
 IDW  FDUERK\GUDWH  D UHFLSH
SURSRVHG E\ D ZRUNLQJ JURXS RI WKH -DSDQ 'LDEHWHV
6RFLHW\ RQ WKH IRUHDUP EORRG IORZ )%) ZDV VWXGLHG
LQ D FURVVRYHU GHVLJQ
7KH UHDVRQ WKDW )XVFRSRULD REOLTXD KDV DWWUDFWHG
DWWHQWLRQ LV WKDW FDQFHU SDWLHQWV DUH YHU\ UDUH LQ WKH
FRXQWU\VLGH RI $OHNVDQGURYVN &RXQW\ SUREDEO\
EHFDXVH RI D FHQWXULHVROG KDELW RI GULQNLQJ DQ
LQIXVLRQ RI )XVFRSRULD REOLTXD LQVWHDG RI WHD
)XVFRSRULD REOLTXD LV SDUDVLWLF RQ OLYH ELUFK WUHHV
VXFK DV WKH ZKLWH ELUFK DQG PRXQWDLQ ELUFK
)XVFRSRULD REOLTXD LV D FROGUHVLVWDQW HYHQ DW Û&
PXVKURRP ZKLFK EUHDNV GRZQ WUHH EDUN DQG IRUPV
EODFN DQG VROLG VFOHURWLXP &DUERK\GUDWHV DUH WKH
PDMRU FKHPLFDO FRQVWLWXHQWV DQG WKH QH[W KLJKHVW
FRQVWLWXHQWV DUH ILEHU DQG DFK $PRQJ WKH PLQHUDOV
PDQJDQHVH LV KLJK 0RVW RI FDUERK\GUDWHV DUH
XQGLJHVWHG GLHWDU\ ILEHU DQG WKH FRQWHQW UHDFKHV 
LQ WKH VFOHURWLXP DV GULHG ZHLJKW )ODYRQRLGV
WULWHUSHQRLGV DONDORLGV EULWHQ DJDULF DFLG DQG LQRVLWRO
DUH DOVR SUHVHQW $V D UHVXOW WKH DQWL JOXFRVXULD
DQWLWXPRU DQWLR[LGDQW LPPXQRHQ KDQFHPHQW DQWL
EDFWHULDO DQG DQWLYLUDO HIIHFWV KDYH EHHQ UHSRUWHG
7KH VWXGLHV ZHUH GRQH RQ WZR VHSDUDWH PRUQLQJV DW
OHDVW  ZHHN DSDUW $IWHU RYHUQLJKW IDVWLQJ HLWKHU 
PJ )XVFRSRULD REOLTXD &KLKD\D .DJDZD -DSDQ RU
SODFHER ZDV LQJHVWHG IROORZHG E\ ORDGLQJ RI WKH WHVW
PHDO 7KH RUGHU WR UHFHLYH SLOOV SODFHER RU
)XVFRSRULD REOLTXD ZDV UDQGRPL]HG DQG WKH
JURXSLQJ FRQWURO RU GLDEHWLF DQG WKH NLQG RI SLOOV
WDNHQ ZHUH EOLQGHG WR WKH H[DPLQHU %ORRG VDPSOHV
ZHUH REWDLQHG DW      DQG  PLQ )%)
ZDV PHDVXUHG XVLQJ D PHUFXU\ILOOHG 6,/$67,& 'RZ
&RUQLQJ 0LGODQG 0, VWUDLQJDXJH SOHWK\VPRJUDSK
(&5 ' ( +RNDQVRQ ,QF ,VVDTXDK :$ DV
GHVFULEHG &DOFXODWLRQV RI WKH EORRG IORZ GHEW
LQFXUUHG GXULQJ DUWHULDO RFFOXVLRQ WKH UHDFWLYH
K\SHUHPLF IORZ DQG WKH EORRG IORZ GHEW UHSD\PHQWV
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IORZ PLOOLOLWHUV  >WRWDO IORZ GXULQJ UHDFWLYH
K\SHUHPLD PLOOLOLWHUV@ ± >FRQWURO IORZ UDWH PLOOLOLWHUV
SHU VHFRQG î GXUDWLRQ RI UHDFWLYH K\SHUHPLD
VHFRQGV@ EORRG )'5 SHUFHQW  UHDFWLYH
K\SHUHPLF IORZEORRG IORZ GHEW î  %HIRUH DQG
DIWHU UHOHDVH RI D PLQ XSSHU DUP FXII RFFOXVLRQ DW
 PP +J UHDFWLYH K\SHUHPLD DQG DIWHU D VLQJOH
VXEOLQJXDO DGPLQLVWUDWLRQ RI  PJ QLWURJO\FHULQ
17* 1LKRQND\DNX &R 7RN\R -DSDQ )%) ZDV
PHDVXUHG E\ UHSHDWHG LQIODWLRQV RI WKH XSSHU DUP DW 
PP+J GXULQJ D ZULVW FXII LQIODWLRQ DW  PP+J ,Q
WKH SUHOLPLQDU\ VWXG\ ZH FRQILUPHG WKH
UHSURGXFLELOLW\ RI UHDFWLYH K\SHUHPLD DQG VXEOLQJXDO
17*LQGXFHG YDVRGLODWLRQ RQ WZR VHSDUDWH RFFDVLRQV
LQ WKH KHDOWK\ PDOH VXEMHFWV
%LRFKHPLFDO PHDVXUHPHQWV
7KH YHQRXV EORRG VDPSOHV ZHUH REWDLQHG LQ WKH WXEHV
FRQWDLQLQJ ('7$VRGLXP  PJPO DQG LPPHGLDWHO\
VHSDUDWHG IRU SODVPD E\ FHQWULIXJDWLRQ DW  USP
ć IRU  PLQ 5RXWLQH FKHPLFDO PHWKRGV ZHUH XVHG
WR GHWHUPLQH WKH SODVPD FRQFHQWUDWLRQV RI WRWDO
FKROHVWHURO KLJKGHQVLW\ OLSRSURWHLQ +'/ FKR
OHVWHURO WULJO\FHULGHV IUHH IDWW\ DFLGV JOXFRVH DQG
LQVXOLQ 7KH SODVPD HQGRWKHOLQ OHYHOV ZHUH PHDVXUHG
ZLWK D FRPPHUFLDO 5,$ NLW 1(1 /LIH 6FLHQFH
3URGXFWV %RVWRQ 0$ DQG WKH SODVPD QLWUDWH SOXV
QLWULWH 12[ OHYHOV ZHUH GHWHUPLQHG DV WKH PHWDEROLF
HQG SURGXFWV LH QLWULWH DQG QLWUDWH E\ HQ]\PDWLF
FDWDO\VLV FRXSOHG ZLWK *ULHVV UHDFWLRQ DIWHU GHSUR
WHLQL]DWLRQ DV UHSRUWHG
6WDWLVWLFDO DQDO\VLV
9DOXHV RI WKH GDWD DUH H[SUHVVHG DV WKH PHDQ6(
7ZRWDLOHG XQSDLUHG 6WXGHQW¶V W WHVW RU RQHZD\
IDFWRULDO $129$ IROORZHG E\ %RQIHUURQL¶V SRVW KRF
FRPSDULVRQV ZDV XVHG WR FRPSDUH WKH LQWHUJURXS RU
LQWUDJURXS PHDQV &RPSDULVRQV RI WKH WLPH FRXUVH
FXUYHV GXULQJ PHDO ORDGLQJ ZHUH DQDO\]HG E\ WZR
IDFWRU UHSHDWHGPHDVXUHV $129$ IROORZHG E\
%RQIHUURQL¶V SRVW KRF LQWUDJURXS FRPSDULVRQV
5HODWLRQVKLSV EHWZHHQ YDULDEOHV ZHUH HVWLPDWHG ZLWK
WKH VLPSOH UHJUHVVLRQ DQDO\VLV 3 ZDV FRQVLGHUHG
WR EH VWDWLVWLFDOO\ VLJQLILFDQW $QDO\VHV ZHUH SURFHVVHG
XVLQJ WKH 6WDW9LHZ - VRIWZDUH SDFNDJH 6$6
,QVWLWXWH ,QF &DU\ 1& RU ,Q6WDW  IRU 0DFLQWRVK
YHUVLRQ E *UDSK3DG 6RIWZDUH ,QF 6DQ 'LHJR
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7KH EDVHOLQH FKDUDFWHULVWLFV RI WKH  GLDEHWLF VXEMHFWV
DQG  KHDOWK\ FRQWUROV DUH VKRZQ LQ 7DEOH  7KH
EDVHOLQH PHWDEROLF SDUDPHWHUV ZHUH VKRZQ DV
SUHSUDQGLDO VWDWH LQ 7DEOH  DQG WKH PHDQ YDOXH RI
JO\FRV\ODWHG KHPRJORELQ $F LQ GLDEHWLF VXEMHFWV ZDV
 $OO WKH SDWLHQWV ZHUH ZHOO WROHUDWHG ZLWK QR
DGYHUVH HYHQWV IRXQG GXULQJ WKH VWXG\ 6\VWHPLF
KHPRG\QDPLFV DQG PHWDEROLF SDUDPHWHUV DW EDVHOLQH
ZHUH FRPSDUDEOH EHWZHHQ  VWXG\ GD\V RI GLDEHWLF
VXEMHFWV
7DEOH  *HQHUDO GDWD RI WKH SDWLHQWV
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  
$JH \U      
%RG\ ZHLJKW NJ      
%RG\ PDVV LQGH[ NJP      γ
:DLVW FLUFXPIHUHQFH FP      
+LS FLUFXPIHUHQFH FP      
+HDUW UDWH EHDWVPLQ      
6\VWROLF EORRG SUHVVXUH PP +J      
'LDVWROLF EORRG SUHVVXUH PP +J      
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
7DEOH  3ODVPD ELRFKHPLFDO SDUDPHWHUV LQ WKH SUH DQG SRVWSUDQGLDO VWDWH
0HDQ  6(0 γ3   γγ3   YV WKH FRQWUROV 䂦 3   YV SODFHER
3DUDPHWHUV &RQWUROV Q  
'LDEHWLFV XVLQJ
SODFHER
Q  
'LDEHWLFV XVLQJ
)XVFRSRULD REOLTXD
Q   3 IRU WUHQG
3UHSUDQGLDO
*OXFRVH PPROOLWHU   γ γ 
,QVXOLQ SPROOLWHU     
))$ PPROOLWHU   γγ  
7ULJO\FHULGH
PPROOLWHU
   
7RWDO FKROHVWHURO
PPROOLWHU
   
+'/FKROHVWHURO
PPROOLWHU
 γγ γγ 
/'/FKROHVWHURO
PPROOLWHU
   
3RVWSUDQGLDO
3HDN JOXFRVH
PPROOLWHU
 γγ  
33*( PPROOLWHU  γγ 䂦 
$8& JOXFRVH
PLQÂPPROOLWHU
 γγ 䂦 
3HDN LQVXOLQ
SPROOLWHU
 γ γ 
$8& LQVXOLQ
[ÂPLQÂSPROOLWHU
  γ 
7KH HIIHFWV RI WKH WHVW PHDO ORDGLQJ ZLWK SODFHER RU
)XVFRSRULD REOLTXD  PJ RQ SODVPD JOXFRVH LQVXOLQ
DQG OLSLG OHYHOV DUH VKRZQ LQ )LJ  DQG 7DEOH  $IWHU
WKH WHVW PHDO ZLWK SODFHER WKH SODVPD JOXFRVH OHYHOV
RI WKH FRQWUROV ZHUH LQFUHDVHG IURP WKH EDVHOLQH
 PPROOLWHU WR D SHDN RI 
PPROOLWHU DW  PLQ SHDN JOXFRVH DQG UHWXUQHG WR
WKH EDVHOLQH DW  PLQ )LJ$ DQG WKRVH RI WKH
GLDEHWLFV ZHUH IURP WKH EDVHOLQH  PPROOLWHU
WR D SHDN RI  PPROOLWHU DW  PLQ 7KH
SRVWSUDQGLDO SHDN JOXFRVH SODVPD JOXFRVH H[FXUVLRQ
33*( DQG FKDQJH LQ WKH DUHD XQGHU WKH FXUYH $8&
JOXFRVH ZHUH VLJQLILFDQWO\ KLJKHU LQ WKH GLDEHWLFV WKDQ
WKH FRQWUROV 3ODVPD LQVXOLQ OHYHOV RI WKH FRQWUROV ZHUH
UDSLGO\ LQFUHDVHG DQG SHDNHG DW  PLQ EXW WKRVH
RI WKH GLDEHWLFV ZHUH LQFUHDVHG VORZO\ DQG SHDNHG DW
 PLQ )LJ% 3ODVPD IUHH IDWW\ DFLG OHYHOV ZHUH
UDSLGO\ GHFUHDVHG DIWHU WKH WHVW PHDO LQ WKH FRQWUROV DQG
WKH GLDEHWLFV )LJ& 7ULJO\FHULGH OHYHOV RI WKH
FRQWUROV ZHUH QRW FKDQJHG DIWHU PHDO ORDGLQJ EXW
WKRVH RI WKH GLDEHWLFV ZHUH JUDGXDOO\ LQFUHDVHG
UHDFKLQJ  PPROOLWHU DW  PLQ DQG
 PPROOLWHU DW  PLQ )LJ' 7RWDO DQG
+'/ FKROHVWHURO OHYHOV ZHUH XQFKDQJHG EHIRUH DQG
DIWHU WHVW PHDO ORDGLQJ LQ WKH FRQWUROV DQG GLDEHWLFV
)LJ( DQG )
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
)LJXUH 
1RWH 3ODVPD JOXFRVH LQVXOLQ IUHH IDWW\ DFLG ))$ WULJO\FHULGH DQG WRWDO DQG +'/ FKROHVWHURO OHYHOV DIWHU ORDGLQJ RI WHVW PHDO WRWDO
 NFDO SURWHLQ IDW  FDUERK\GUDWH  LQ WKH FRQWURO VXEMHFWV ZLWK D SULRU XVH RI SODFHER ࡮ RU WKH GLDEHWLF SDWLHQWV
ZLWK D SULRU XVH RI SODFHER Ŷ RU  PJ )XVFRSRULD REOLTXD Ÿ 'DWD UHSUHVHQW WKH PHDQ  6(0 7KH 3 YDOXHV IRU FXUYH GLIIHUHQFH
E\ WKH WZRIDFWRU UHSHDWHGPHDVXUHV $129$ IROORZHG E\ %RQIHUURQL¶V SRVW KRF LQWUDJURXS FRPSDULVRQV ZHUH VKRZQ ZLWK 3  
YV  PLQ
7KH SHDN )%) UHVSRQVH DQG WRWDO UHDFWLYH K\SHUHPLF
IORZ )'5 LQGLFHV RI WKH UHVLVWDQFH DUWHU\
HQGRWKHOLDO IXQFWLRQ ZHUH XQFKDQJHG EHIRUH DQG DIWHU
PHDO ORDGLQJ LQ WKH FRQWUROV %XW WKRVH RI WKH GLDEHWLFV
ZHUH VLJQLILFDQWO\ GHFUHDVHG  DQG  PLQ DIWHU WKH
WHVW PHDO $IWHU D SULRU DGPLQLVWUDWLRQ RI )XVFRSRULD
REOLTXH SHDN JOXFRVH GHFUHDVHG WR  PPRO
OLWHU 33*( IURP  WR  PPROOLWHU
DQG $8& JOXFRVH IURP  WR  PLQ
PPROÂOLWHU :LWK )XVFRSRULD REOLTXD WKH SRVWSUDQGLDO
GHFUHDVHV LQ SHDN )%) DQG )'5 ZHUH DEROLVKHG
)LJ :KHQ SORWWHG DJDLQVW SODVPD ELRFKHPLFDO
SDUDPHWHUV WKH SHDN )%) DQG )'5 ZHUH LQYHUVHO\
ZHOO FRUUHODWHG ZLWK SHDN JOXFRVH 33*( DQG $8&
JOXFRVH EXW QRW ZLWK $8& LQVXOLQ )LJ RU WKH RWKHU
OLSLG SDUDPHWHUV $W WKH EDVHOLQH EHIRUH PHDO ORDGLQJ
WKH PD[LPDO IORZ DIWHU 17* ZDV FRPSDUDEOH EHWZHHQ
WKH GLDEHWLF DQG WKH FRQWURO VXEMHFWV 7KH YDOXHV GLG
QRW FKDQJH DIWHU PHDO ORDGLQJ DQG ZDV QRW DIIHFWHG E\
)XVFRSRULD REOLTXD SUHWUHDWPHQW
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
)LJXUH 
1RWH $ 7KH EDVHOLQH DQG SHDN )%) GXULQJ UHDFWLYH K\SHUHPLD EHIRUH  PLQ DQG DW  DQG  PLQ DIWHU ORDGLQJ RI WHVW PHDO WRWDO
 NFDO SURWHLQ IDW  FDUERK\GUDWH  LQ WKH FRQWURO VXEMHFWV ZLWK D SULRU XVH RI SODFHER OHIW SDQHO RU LQ WKH
GLDEHWLF SDWLHQWV ZLWK D SULRU XVH RI SODFHER PLGGOH SDQHO RU  PJ )XVFRSRULD REOLTXD ULJKW SDQHO % 7KH WRWDO UHDFWLYH
K\SHUHPLF IORZ )'5 GXULQJ UHDFWLYH K\SHUHPLD )'5 SHUFHQW  UHDFWLYH K\SHUHPLF IORZEORRG IORZ GHEW [  7KH GDWD
UHSUHVHQW WKH PHDQ  6(0 2QHZD\ IDFWRULDO $129$ IROORZHG E\ %RQIHUURQL¶V SRVW KRF FRPSDULVRQV ZDV XVHG WR FRPSDUH WKH
LQWUDJURXS PHDQV ZLWK 3   RU 3   YV  PLQ 7'0 PHDQV 7\SH  GLDEHWHV PHOOLWXV
)LJXUH 
1RWH &RUUHODWLRQ EHWZHHQ WKH SHDN )%) DQG )'5 DQG WKH SRVWSUDQGLDO SHDN JOXFRVH 33*( $8& JOXFRVH DQG $8& LQVXOLQ LQ WKH
FRQWURO VXEMHFWV ZLWK D SULRU XVH RI SODFHER Ŷ RU LQ WKH GLDEHWLF SDWLHQWV ZLWK D SULRU XVH RI SODFHER « RU  PJ )XVFRSRULD
REOLTXD  3HDUVRQ¶V FRUUHODWLRQ FRHIILFLHQWV U DQG 3 YDOXHV S ZHUH VKRZQ
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
3ODVPD 12[ YDOXHV LQ WKH FRQWUROV ZHUH 
EDVHOLQH   PLQ DQG   PLQ
PROOLWHU ZKLOH WKRVH LQ WKH GLDEHWLF JURXSV ZHUH
 EDVHOLQH   PLQ DQG 
PROOLWHU  PLQ ZLWK QR VLJQLILFDQW GLIIHUHQFH
)XVFRSRULD REOLTXD SUHWUHDWPHQW GLG QRW DIIHFW WKRVH
YDOXHV LQ WKH GLDEHWLFV   DQG 
PROOLWHU UHVSHFWLYHO\ 1R VLJQLILFDQW GLIIHUHQFH ZDV
IRXQG LQ EDVHOLQH SODVPD HQGRWKHOLQ YDOXHV EHWZHHQ
WKH FRQWUROV DQG WKH GLDEHWLF VXEMHFWV  YV
 SJPO ZKLFK ZHUH QRW DIIHFWHG E\ WKH WHVW
PHDO ORDGLQJ GDWD QRW VKRZQ
',6&866,21
7KH PDMRU ILQGLQJV RI WKLV VWXG\ DUH )LUVW WKH
HQGRWKHOLDO IXQFWLRQ ZDV LPSDLUHG LQ W\SH  GLDEHWLF
SDWLHQWV E\ RQO\ D VLQJOH ORDGLQJ RI VWDQGDUG WHVW PHDO
DQG VHFRQG VXFK D SRVWSUDQGLDO HQGRWKHOLDO G\V
IXQFWLRQ ZDV LPSURYHG ZLWK D UHGXFWLRQ RI
SRVWSUDQGLDO K\SHUJO\FHPLD E\ )XVFRSRULD REOLTXD
3RVWSUDQGLDO HQGRWKHOLDO IXQFWLRQ
,W LV JHQHUDOO\ EHOLHYHG WKDW WKH YDVFXODU HQGRWKHOLXP
XOWLPDWHO\ PDLQWDLQV YDVFXODU KRPRHRVWDVLV DQG WKH
HQGRWKHOLDO FHOO G\VIXQFWLRQ GHYHORSV DWKHURVFOHURVLV
DQG FRQVHFXWLYH FDUGLRYDVFXODU HYHQWV 7KH YLYR
DVVHVVPHQW RI WKH HQGRWKHOLDO FHOO IXQFWLRQ UHIHUV WR D
PHDVXUHPHQW RI WKH HQGRWKHOLDO FHOO UHVSRQVH WR
VWLPXODWLRQ VXFK DV WKH YDVRDFWLYH VXEVWDQFHV UHOHDVHG
RU WKRVH WKDW LQWHUDFW ZLWK WKH YDVFXODU HQGRWKHOLXP
7KH HQGRWKHOLXPGHSHQGHQW YDVRGLODWLRQ LQ SHULSKHUDO
FLUFXODWLRQV FDQ VHUYH DV D XVHIXO ELRPDUNHU IRU
DWKHURVFOHURVLV DQG DEQRUPDOLW\ RI WKH HQGRWKHOLXP
GHSHQGHQW YDVRGLODWLRQ KDV EHHQ GHPRQVWUDWHG LQ W\SH
 GLDEHWLF SDWLHQWV 
,Q WKLV VWXG\ WKH IRUHDUP HQGRWKHOLDO IXQFWLRQ
DVVHVVHG E\ D UHVLVWDQW YHVVHO EORRG IORZ LQFUHDVH
GXULQJ UHDFWLYH K\SHUHPLD ZDV LPSDLUHG E\ RQO\ D
VLQJOH ORDGLQJ RI WKH WHVW PHDO LQ WKH GLDEHWLF SDWLHQWV
EXW QRW LQ KHDOWK\ FRQWUROV :H DQG RWKHUV SUHYLRXVO\
GHPRQVWUDWHG WKDW WKH IORZPHGLDWHG IRUHDUP EORRG
LQFUHDVH ZDV LPSDLUHG E\ D VLQJOH RUDO FKDOOHQJH RI 
J JOXFRVH LQ W\SH  GLDEHWLF SDWLHQWV  %HFDXVH QRW
RQO\ SRVWSUDQGLDO K\SHUJO\FHPLD EXW DOVR SRVWSUDQGLDO
K\SHUOLSLGHPLD FRXOG FDXVH HQGRWKHOLDO G\VIXQFWLRQ LQ
GLDEHWLF SDWLHQWV  WKLV VWXG\ LV GHVLJQHG WR GHWHUPLQH
WKH HIIHFWV RI SRVWSUDQGLDO JOXFRVH DQG OLSLG FKDQJHV
RQ WKH HQGRWKHOLXPGHSHQGHQW YDVRGLODWDWLRQ XVLQJ D
VWDQGDUG WHVW PHDO FRQWDLQLQJ WRWDO HQHUJ\ RI  NFDO
SURWHLQ  IDW  DQG FDUERK\GUDWH 
$V VKRZQ LQ )LJ  WKH SODVPD JOXFRVH OHYHOV UHDFKHG
WR WKH D SHDN DW  PLQ DQG UHWXUQHG WR EDVHOLQH DW 
PLQ ZKHUHDV WKH WULJO\FHULGH OHYHOV UHPDLQHG D KLJK
OHYHO DW  DQG  PLQ 'HFUHDVHV LQ WKH SHDN )%)
DQG )'5 DW SRVWSUDQGLDO  PLQ ZHUH LQYHUVHO\ ZHOO
FRUUHODWHG ZLWK SHDN JOXFRVH 33*( DQG $8&JOXFRVH
EXW QRW ZLWK WKH JOXFRVH QRU WULJO\FHULGH OHYHO DW 
PLQ VXJJHVWLQJ WKDW HQGRWKHOLDO IXQFWLRQ ZDV ODUJHO\
DVVRFLDWHG ZLWK LQWHQVLW\ RI WKH SRVWSUDQGLDO JOXFRVH
SHDN EXW QRW ZLWK WKH JOXFRVH DQG WULJO\FHULGH OHYHOV RI
WKH WLPH
(IIHFWV RI )XVFRSRULD REOLTXD RQ SRVWSUDQGLDO
HQGRWKHOLDO IXQFWLRQ
:LWK )XVFRSRULD REOLTXD WKH SRVWSUDQGLDO GHFUHDVHV
LQ SHDN )%) DQG )'5 ZHUH DEROLVKHG :KHQ SORWWHG
DJDLQVW SODVPD ELRFKHPLFDO SDUDPHWHUV WKH SHDN )%)
DQG )'5 ZHUH LQYHUVHO\ ZHOO FRUUHODWHG ZLWK SHDN
JOXFRVH 33*( DQG $8& JOXFRVH EXW QRW ZLWK $8&
LQVXOLQ DQG WKH RWKHU OLSLG SDUDPHWHUV GDWD QRW VKRZQ
$V GLVFXVVHG HDUOLHU WKH SRVWSUDQGLDO HQGRWKHOLDO
IXQFWLRQ LQ WKH GLDEHWLF VXEMHFWV ZDV PRVWO\ DIIHFWHG
E\ LQWHQVLW\ RI WKH SRVWSUDQGLDO JOXFRVH SHDN %HFDXVH
)XVFRSRULD REOLTXD WUHDWPHQW GHFUHDVHG SHDN JOXFRVH
33*( DQG $8& JOXFRVH EXW QRW WKH PLQ JOXFRVH
OHYHO WKH LPSURYHPHQW RI HQGRWKHOLDO IXQFWLRQ E\
)XVFRSRULD REOLTXD ZDV SUREDEO\ DFKLHYHG E\
GHFUHDVLQJ WKH SRVWSUDQGLDO JOXFRVH SHDN $ SRWHQWLDO
PHFKDQLVP E\ ZKLFK SRVWSUDQGLDO K\SHUJO\FHPLD
LPSDLUV WKH HQGRWKHOLDO IXQFWLRQ LV JHQHUDWLRQ RI
UHDFWLYH R[\JHQ VSHFLHV 526 <DQR HW DO UHSRUWHG
WKDW D VKRUWWLPH H[SRVXUH  K WR  PPROOLWHU
JOXFRVH LQFUHDVHG LQWUDFHOOXODU 526 JHQHUDWLRQ LQ
FXOWXUHG ERYLQH DRUWLF HQGRWKHOLDO FHOOV 3UHYLRXVO\
ZH UHSRUWHG WKDW QDWHJOLQLGH D SKHQ\ODODQLQHGHULYHG
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
LQVXOLQ VHFUHWDJRJXH FRXOG DOVR LPSURYH WKH
SRVWFKDOOHQJH HQGRWKHOLDO IXQFWLRQ LQ W\SH  GLDEHWLF
SDWLHQWV &ROOHFWLYHO\ WKH SRVWSUDQGLDO HQGRWKHOLDO
IXQFWLRQ FDQ EH DW OHDVW LPSURYHG E\ DQ LQWHUYHQWLRQ WR
UHGXFH SRVWSUDQGLDO JOXFRVH SHDN
9DOOHMR HW DO UHSRUWHG WKDW WKH DFHW\OFKROLQHLQGXFHG
HQGRWKHOLXPGHSHQGHQW UHOD[DWLRQV ZHUH LPSDLUHG LQ
WKH DRUWLF DQG PHVHQWHULF YHVVHOV LVRODWHG IURP WKH
VWUHSWR]RWRFLQLQGXFHG GLDEHWLF UDWV DQG VXFK HQGR
WKHOLDO G\VIXQFWLRQ ZDV LPSURYHG HLWKHU ZLWK VXS
SUHVVLRQ RI WKH EORRG JOXFRVH OHYHOV E\ )XVFRSRULD
REOLTXD RU ZLWK 526 VXSSUHVVLRQ E\ VXSHUR[LGH
GLVPXWDVH 7DNHQ WRJHWKHU LW ZDV VWLOO SRVVLEOH WKDW
VXSSUHVVLRQ RI SRVWFKDOOHQJH K\SHUJO\FHPLD E\
)XVFRSRULD REOLTXD GHFUHDVHG JHQHUDWLRQ RI 526 DQG
WKH 526PHGLDWHG LPSDLUPHQW RI HQGRWKHOLDO IXQFWLRQ
DOWKRXJK ZH FRXOG QRW GHWHFW WKH FKDQJHV RI XULQDU\ 
HSLSURVWDJODQGLQ) RQH UHOLDEOH PDUNHU RI ZKROH
ERG\ R[\JHQ VWUHVV GXULQJ WKH WHVW PHDO ORDGLQJ GDWD
QRW VKRZQ 3UHYLRXV VWXGLHV VKRZHG WKDW LQVXOLQ FDQ
LQGXFH HLWKHU YDVRGLODWLRQ E\ LQFUHDVLQJ WKH 12[
OHYHOV RU YDVRFRQVWULFWLRQ E\ VWLPXODWLQJ WKH
HQGRWKHOLQ OHYHOV DQG WKH QHW EDODQFH EHWZHHQ WKH
YDVRGLODWRU DQG YDVRFRQVWULFWRU HIIHFWV RI LQVXOLQ LV
DOWHUHG LQ GLDEHWLF SDWLHQWV LQ IDYRU RI D UHODWLYH
YDVRFRQVWULFWLRQ  ,Q RXU VWXG\ WKHUH ZHUH QR
VLJQLILFDQW GLIIHUHQFHV LQ WKH SODVPD 12[ DQG
HQGRWKHOLQ OHYHOV EHIRUH DQG DIWHU PHDO LQJHVWLRQ LQ
WKH FRQWURO DQG GLDEHWLF VXEMHFWV %HFDXVH WKH SODVPD
OHYHOV RI HQGRWKHOLQ PD\ QRW WUXO\ UHIOHFW WKH DFWLYLW\
RI HQGRWKHOLQ DQG HQGRWKHOLQ UHFHSWRU VXEW\SH $
(7$GHSHQGHQW PHFKDQLVP PD\ EH SRVVLEO\
LQYROYHG LQ YDVFXODU GHUDQJHPHQWV RI GLDEHWLF
FRQGLWLRQ WKHUHIRUH IXUWKHU VWXGLHV QHHG WR EH GRQH
6WXG\ OLPLWDWLRQV
)LUVW ZH XVHG D QRQLQYDVLYH )%) PHDVXUHPHQW GXULQJ
UHDFWLYH K\SHUHPLD 5+ E\ VWUDLQJDXJH SOHWK\
VPRJUDSK\ WR DVVHVV WKH HQGRWKHOLDO IXQFWLRQ EHFDXVH
WKH LQYDVLYH PHDVXUHPHQWV RI )%) E\ LQWUDDUWHULDO
LQIXVLRQ RI YDVRDFWLYH DJHQWV LV WLPH FRQVXPLQJ DQG
FDQQRW EH XVHG WR DVVHVV D VKRUWSHULRG FKDQJH DV LQ WKH
SRVWSUDQGLDO VWDWH ,W LV NQRZQ WKDW YDVRGLODWLRQ
GXULQJ UHDFWLYH K\SHUHPLD LV FDXVHG E\ PXOWLSOH
IDFWRUV VXFK DV PHWDEROLF IDFWRUV RWKHU WKDQ QLWULF R[LGH
$FFRUGLQJO\ ZH XVHG SHDN )%) DV D FRPELQDWLRQ
PDUNHU RI WKH VKHDU VWUHVV DQG ORFDO PHWDEROLF IDFWRUV DW
HDUO\ SKDVH RI 5+ DQG )'5 DV D UHODWLYHO\ K\SHUHPLD
LV FDXVHG E\ PXOWLSOH IDFWRUV VXFK DV PHWDEROLF IDFWRUV
RWKHU WKDQ QLWULF R[LGHGHSHQGHQW PDUNHU DW PLG WR ODWH
SKDVH RI 5+ 6HFRQG WKHUH LV QR D UHDOWLPH WUDFNLQJ
PHWKRG WR GHWHFW 526 LQ YLYR DQG WKLV LV WKH UHDVRQ
WKDW ZH FRXOG QRW GHWHFW JHQHUDWLRQ RI 526 GXULQJ
PHDO ORDGLQJ
,Q VXPPDU\ RQO\ D VLQJOH ORDGLQJ RI WKH WHVW PHDO ZDV
VKRZQ WR LPSDLU WKH HQGRWKHOLDO IXQFWLRQ LQ W\SH 
GLDEHWLF SDWLHQWV DQG WKH SRVWSUDQGLDO HQGRWKHOLDO
G\VIXQFWLRQ ZDV LPSURYHG E\ D SULRU XVH RI
)XVFRSRULD REOLTXD 7KHUHIRUH )XVFRSRULD REOLTXD
PLJKW EH D SURPLVLQJ RUDO SUDQGLDO WKHUDS\ IRU WKH
HQGRWKHOLDO G\VIXQFWLRQ VHHQ LQ SDWLHQWV ZLWK W\SH 
GLDEHWHV PHOOLWXV E\ GHFUHDVLQJ WKH SRVWSUDQGLDO
JOXFRVH H[FXUVLRQ
$FNQRZOHGJHPHQWV
:H ZRXOG OLNH WR WKDQN 'U 6RGPHUJHQ IRU WKH KHOSIXO
FRPPHQWV DQG HQFRXUDJHPHQW
5()(5(1&(6
 &RXWLQKR 0 *HUVWHLQ +& :DQJ < <XVXI 6 7KH
UHODWLRQVKLS EHWZHHQ JOXFRVH DQG LQFLGHQW FDUGLRYDVFXODU
HYHQWV $ PHWD UHJUHVVLRQ DQDO\VLV RI SXEOLVKHG GDWD IURP
 VWXGLHV RI  LQGLYLGXDOV IROORZHG XS IRU 
\HDUV 'LDEHWHV &DUH   
 <DQJ . $]RXOD\ ( $WWDODK / =DKDU -5 9DQ 'H /RXZ
$ &HUI & %DFWHULFLGDO DFWLYLW\ UHVSRQVH RI EORRG
QHXWURSKLOV IURP FULWLFDOO\ LOO SDWLHQWV WR LQ YLWUR
JUDQXORF\WH FRORQ\VWLPXODWLQJ IDFWRU VWLPXODWLRQ
,QWHQVLYH &DUH 0HG    
 &KLDVVRQ -/ -RVVH 5* *RPLV 5 +DQHIHOG 0 .DUDVLN
$ /DDNVR 0 6WRS1LGGP 7ULDO 5HVHDUFK *URXS
$FDUERVH WUHDWPHQW DQG WKH ULVN RI FDUGLRYDVFXODU GLVHDVH
DQG K\SHUWHQVLRQ LQ SDWLHQWV ZLWK LPSDLUHG JOXFRVH
WROHUDQFH -$0$   
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
 +DQHIHOG 0 &DJDWD\ 0 3HWURZLWVFK 7 1HXVHU '
3HW]LQQD ' 5XSS 0 $FDUERVH UHGXFHV WKH ULVN IRU
P\RFDUGLDO LQIDUFWLRQ LQ W\SH  GLDEHWLF SDWLHQWV PHWD
DQDO\VLV RI VHYHQ ORQJWHUP VWXGLHV (XU +HDUW -  

 9HUPD 6 $QGHUVRQ 7- )XQGDPHQWDOV RI HQGRWKHOLDO
IXQFWLRQ IRU WKH FOLQLFDO FDUGLRORJLVW &LUFXODWLRQ 
 
 9HUPD 6 %XFKDQDQ 05 $QGHUVRQ 7- (QGRWKHOLDO
IXQFWLRQ WHVWLQJ DV D ELRPDUNHU RI YDVFXODU GLVHDVH
&LUFXODWLRQ   
 1DSSR ) (VSRVLWR . &LRIIL 0 *LXJOLDQR * 0ROLQDUL
$0 3DROLVVR * 0DUIHOOD 5 *LXJOLDQR ' 3RVWSUDQGLDO
HQGRWKHOLDO DFWLYDWLRQ LQ KHDOWK\ VXEMHFWV DQG LQ W\SH 
GLDEHWLF SDWLHQWV UROH RI IDW DQG FDUERK\GUDWH PHDOV - $P
&ROO &DUGLRO   
 0F9HLJK *( %UHQQDQ *0 -RKQVWRQH *' 0F'HUPRWW
%- 0F*UDWK /7 +HQU\ :5 $QGUHZV -: +D\HV -5
,PSDLUHG HQGRWKHOLXPGHSHQGHQW DQG LQGHSHQGHQW
YDVRGLODWLRQ LQ SDWLHQWV ZLWK W\SH ,, QRQLQVXOLQ
GHSHQGHQW GLDEHWHV PHOOLWXV 'LDEHWRORJLD   

 0RUHQR 35 )XVWHU 9 1HZ DVSHFWV LQ WKH SDWKRJHQHVLV RI
GLDEHWLF DWKHURWKURPERVLV - $P &ROO &DUGLRO  

 &HULHOOR $ 3RVWSUDQGLDO K\SHUJO\FHPLD DQG GLDEHWHV
FRPSOLFDWLRQV LV LW WLPH WR WUHDW" 'LDEHWHV   ±
 6KLPDEXNXUR 0 .R\DPD . &KHQ * :DQJ 0< 7ULHX )
/HH < 1HZJDUG &% 8QJHU 5+ 'LUHFW DQWLGLDEHWLF HIIHFW
RI OHSWLQ WKURXJK WULJO\FHULGH GHSOHWLRQ RI WLVVXHV 3URF
1DWO $FDG 6FL 86$   
 +H - )HQJ ;= /X < =KDR % 7KUHH QHZ WULWHUSHQRLGV
IURP )XVFRSRULD REOLTXD - $VLDQ 1DW 3URG 5HV  
 
 =KDQJ - :DQJ * /L + =KXDQJ & 0L]XQR 7 ,WR +
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